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ABSTRACT 

THE  EFFECT  OF  AN  ANALGESIC  AGENT  ON 
MUSCULAR  WORK  DECREMENT 


OBJECT 

To  determine  if  Ischemic  muscle  pain  and  the  decrement  in  con¬ 
traction  strength  of  a  tonically  contracted  muscle  are  causally  or 
merely  correlationally  related. 

BACKGROUND 


Prevloui~work  has  shown  that  a  correlation  exists  between  the 
intensity  of  pain  and  the  strength  of  contraction  lira  tonically  contract¬ 
ed  muscle.  In  order  to  determine  If  these  relationships  are  causally 
related,  human  subjects  were  given  an  analgesic  agent  to  reduce  the 
pain  aspect  In  the  performance  of  am  isometric  muscular  contraction, 

RESULTS 

The  results  showed  that  the  administration  of  an  analgesic  had  no 
effect  on  either  the  maximum  strength  or  the  endurance  of  an  Isometric 
muscular  contraction. 

CONCLUSION 


These  results  are  interpreted  as  a  demonstration  of  the  lack  of  a 
causal  relationship  between  the  decrement  in  work  output  amd  the  pain 
of  ischemia  in  a  tonically  contracted  muscle. 


APPROVED: 


S.  HARKER,  Ph.  D. 


Director,  Pgychology  Division 


Technical  Director  of  Research 


APPROVED: 


SVEN  A.  BACH 
Colonel,  MC 
C  omznanding 


THE  EFFECT  OF  AN  ANALGESIC  AGENT  ON 
MUSCULAR  WORK  DECREMENT 

I.  INTRODUCTION 


Dorpat  and  Holme*  <I)  have  shown  that  in  tonically  contracted 
muscles  the  time  for  onset  and  the  intensity  of  the  induced  pain  and 
the  degree  of  ischemia  are  directly  related  to  the  strength  of  con¬ 
traction.  Also,  it  has  been  demonstrated  that  the  degree  of  muscle  . 
ischemia  was  proportional  to  the  degree  of  induced  pain.  These  ob¬ 
servations  led  to  the  conclusion  that  the  pain  associated  with  strong 
tonic  contraction  was  due  :to  the  accumulation  of  noxious  metabolites 
in  the  muscles  made  ischemic  by  contraction.  It  should  follow,  then, 
that  if  the  relationship  between  ischemic  pain  and  decrement  in  con¬ 
traction  strength  is  a  causal  one  and  not  merely  correlational,  suv 
analgesic  agent  such  as  codeine,  which  Hewer  and  Xelle  (3)  have 
shown  to  be  effective  for  ischemic  muscle  pain,  should  extend  the 
time  for  which  a  strong  contraction  can  be  maintained. 

The  purpose  of  this  study  was  to  explore  a  relationship  between 
ischemic  pain  and  decrement  in  muscle  contraction  strength  to  de- 
terh^e  whether  these  factors  are,  in  fact,  causally  related. 

n.  METHOD  '  ■  ' 

The  subjects  were  14  male  volunteers  from  the  labt^atory  staff. 

The  apparatus  has  been  previously  described  in  detail  by 
Caldwell  (2).  In  brief,  it  consisted  of  an  adjustable  seat  and  foot-rest 
which  permitted  all  subjects  to  be  placed  in  amatomically  similar  posi¬ 
tions,  and  an  isometric  handle  adjustable  to  produce  similar  arm  posi¬ 
tions  for  all  subjects.  The  seat  was  adjusted  to  position  the  approximate 
center  of  the  right  shoulder  joint  at  the  height  of  the  handle,  and  the  foot¬ 
rest  was  positioned  to  set  the  long  axis  of  the  thigh  20*  above  the  hori¬ 
zontal  and  to  produce  aRnee-angle  of  150*.  The  handle  was  set  to  pro¬ 
duce  an  elbow  angle  of  150*. 

The  output  from  the  strain  gages  mounted  on  the  handle  was  fed 
into  a  strain  amplifier  and  recorded  on  an  ink-writing  oscillograph,  A 
voltmeter  with  a  scale  marked  in  pounds,  which  was  connected  in  par¬ 
allel  with  the  recorder,  served  as  a  display  for  the  subject.  Red  and 
green  lamps  mounted  on  the  meter  were  controlled  by  an  amplifier 
connected  in  parallel  with  the  display.  The  display  amplifier  had  a 
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bias  control  •which  varied  the  switching  point  of  a  bipolar  relay.  Thus, 
the  amplifier  could  be  set  for  the  green  light  to  be  turned  on  by  any 
desired  force  on  the  handle. 

Prior  to  the  experiment,  each  subject  was  given  practice  in  the 
experimental  procedure  and  his  "peadc  strength"  was  determined.  To 
determine  peak  strength  the  subject  was  told  that  he  was  to  pull  as 
hard  as  possible  for  6  seconds,  and  that  the  maximum  force  obtained 
was  to  be  noted.  The  peak  strength  test  was  repeated  several  times 
until  the  subject's  performance  had  stabilized.  The  subject's  maxi¬ 
mum  output  was  noted.  The  output  which  was  to  be  maintained  in  the 
subsequent  endurance  tests  were  set  at  90%  of  the  individual's  peak 
strength.  On  the  endurance  test  the  display  amplifier  was  set  to  turn 
the  green  light  on  at  the  appropriate  output  level  (90%  of  the  subject's 
maximum  strength)  suid  he  was  simply  told  to  keep  the  green  light  on 
as  long  as  possible.  The. triad  was  terminated  by  the  experimenter 
when  the  green  light  remained  off  for  as  long  as  3  consecutive  seconds. 

Each  subject's  strength  and  endurance  was  tested  under  seven  con- 
dltionst  a  "no  drug"  or  normal  condition;  four  different  doses  of  codeine 
sulfate  (16  mg,  32  mg,  48  mg,  and  64  mg);  a  placebo  condition  using 
100  mg  of  lactose;  and  an  "active  placebo"  condition  with  50  mg  seco¬ 
barbital.  The  "active"  placebo  was  used  to  test  for  a  possible  change 
in  performance  as  a  consequence  of  "feeling  drugged.  "  The  conditions 
were  counterbalanced  to  eliminate  possible  practice  and  cumulative 
fatigue  effects.  The  experimental  sessions  were  minimally  46  hours 
apart.  The  drugs  and  placebos  were  administered  in  identical  capsules 
by  a  double  blind  procedure  one  hour  before  the  tests,  An  eighth  testing 
session  was  given  under  normal  conditions  as  the  last  session  to  pro¬ 
vide  data  for  measures  of  test- retest  reliability. 

m.  RESULTS  AND  DISCUSSION 

The  mean  strength  and  endurance  scores  for  the  eight  conditions 
are  shown  in  Table  1. 

Treatment  x  Subjects  analyses  of  variance  showed  that  the  drug 
and  placebo  conditions  produced  no  statistically  significant  differences 
in  performance  either  in  strength  or  endurance,  The  test-retest  co¬ 
efficients  of  correlation  (rank-difference)  for  strength  and  endurance 
were  .  933  and  .  814,  respectively. 

These  data  suggest  that  pain  is  not  the  limiting  factor  in  the 
endurance  of  strong  tonic  muscular  contractions,  i.  e.  ,  that  the 
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relationship  between  pain  and  strength  decrement  is  purely  correlational, 
not  causal.  The  correlation  noted  between  pain  and  decrement  in  con¬ 
traction  strength  may  result  from  their  relationship  to  a  third  phenom¬ 
enon- -perhaps  to  the  noxious  metabolites  (such  as  Lewis'  Factor  P) 
which  accumulate  in  the  muscle  during  sustained  contraction. 


When  the  subjects  were  asked  why  they  were  unable  to  maintain 
the  required  output,  the  most  common  report  was  that  the  pain  was  too 
intense.  However,  at  the  highest  codeine  dosage  most  of  the  subjects 
reported  a  generalized  weakness  rather  than  pain  as  the  reason  for  the 
inability  to  continue  at  the  specified  output.  The  fact  thS'i  c^eine  was 
given  up  to  its  maximum  effective  dosage  (64  mg),  and  thuat  opiates  do 
effect  ischemic  muscle  pain,  adds  support  to  the  assumption  that  pain 
was  decreased- -at  least  at  the  higher  codeine  dosage. 


IV.  SUMMARY 


Codeine  sulfate  was  shown  to  have  no  effect  on  the  decrement  in 
strength  of  a  tonicaUy  contracted  muscle.  This  is  interpri^<Hi  as  demon¬ 
strating  a  lack  of  causality  in  the  relationship  between  ischemic  pain^^ 
muscle  fatigue. 

'  _ 
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TABLE  1 

Mean  Strength  and  Endurance  Scores 


Strength  (lbs) 

Endurance  (secs) 

Control  1 

128 

21.5 

Control  2 

133 

23.  5 

Seconal  (SO  mg) 

134 

25.  2 

Lactose  (100  mg) 

132 

23.  8 

Codeine  (16  mg) 

133 

23.  1  _ 

Codeine  (32  mg) 

134 

24.  6 

Codeine  (48  mg) 

132 

24.  2 

Codeine  (64  mg) 

132 

23.  8 
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CfclahcB  Ci.^,  Cfclnhwn 

1  Library  of  Ccogress,  Science  ad  Teeitaelegy  Diyisioa,  Tahiagton  85,  D,  C.,  Atta;  Dr< 

A.  jVjaoStiSs  -sr  ni 

1  Natioasl  lastiut*  of  Health,  Library.  Bailding  10,  Roen  3NU8,  Botbesda  14,  Maryland, 

Atta;  Aaquisltioas  Seetiea 

1  National  library  of  Hedieiae,  7th  Street  d  Independence  Aee,  S.f,,  Bashiagtoe  35,  D.  C. 

1  Natleoal  lastitates  of  Health,  Dlrislee  of  Reaearoh  CyoaU,  lafonatlen  Of  floe,  Botheeda 
•  14,  fcryload 

1  Proethetle  and  Seaoery  Aide  Sereioe,  QUef,  FWseareh  and  Oeyelo^Bent  DItIsIob,  Vetoros 
Ada  iai*  trot  lea,  353  7th. Are.,  Nee  York  1,  No*  York,  Atta;  Eogeae  F,  Morphy,  Ph.D. 

on®  AcanciEs 

1  Arctic  Health  Research  Center,  library.  Post  Office  Bos  900.  Aecherege,  Alaska 

1  Boll  Xilephm*  Isberatorle*.  MarroyHill,  Net  Jeriey,  Atta;  Has  S,  Schoeffler 

1  Bceleg  Airplra*  Coepaay,  Central  Medical  Library,  Bos  11  >40,  Office  Box  3707, 

Seattle,  foshiagtea 

1  Boelag  Alrploas  Conpaay,  Chief,  Space  Nedicla*  Section,  Aero-Spnee  Dirlflea,  Seattle  24, 
Toahiagtoe,  Atta:  Dr,  Roney  H.  Lowry,  (Box  19-29) 

1  Boelag  Airploa*  Coepaay,  Library,  fiehita  Dirleioe,  fichito  1,  Kinaas 

1  Chryilsr  Corponitioo,  Box  1118,  Elogineeriog  Reseorch  Departaent  921,  Detroit  31,  Michigan, 
Attn;  John  Versace,  Eligr.  Piychologist 

1  Electric  Boat  DiTieiea,  Geaeral  Dyaoaic*  Corp.,  Huaoa  Factors  Section,  Croton,  Coon 

1  Ford  Motor  Coeposy,  Teehniool  laforaotioc  Section,  Scientifio  Laboratory,  Post  Office 

Box  20  5  3,  Deerhora,  Michigan 

General  Electric  Ceapoay,  Tochaical  Military  Planning  Operatioa,  Library,  735  Stats 
Street,  Santa  Barbara,  Californio 


1 


OTHER  ACENOIES  •  CCMINUJD 


No.  of 
Copies 

1  General  Electric  Coapany,  Advanced  Electronic!  Center,  at  Cornell  Univerei  ty  ,  ,'iiiaea , 

New  York 

1  IBN  Reiearch  Canter,  Biof^yeici  Group,  Box  2r3,  Yorktoec  Heiqhu,  New  York,  Attn:  Dr. 

W.  R.  Uttai 

1  ITT  Lotbora toriei ,  Huaan  Fkictori  Diviiion,  390  Washington  Avenue,  Nutley  10,  New  Jeriey, 
Attn;  Richard  G  Later,  Hunan  Factors  Analyst 

1  John  Crarar  Library,  38  East  Randolph  Street,  Chicago  1,  Illinois 

1  (ibyo  Clinic,  Section  of  Biophysics,  Rochester,  Minnesota,  Attn;  Dr,  Kenneth  N.  C^le 

1  Mercy  Hospital,  Anesthesia  Research  Laboratory,  Locust  and  Pride  Streets,  Pittsburgh  19, 
Pennsylvania 

1  Motorolo  Incorporated,  Syitesa  Research  Laboratory,  9330  Indiana  Avenue,  Riverside, 

Qilifornia,  Attn;  R,  E.  Freese,  Tech  Info  Supervisor 

7  National  Aeronautiis  and  Space  Adsinistration,  1320  H  Street,  N.  W  ,  Washington  25,  D.  C. , 
Attn:  Bertroa  A.  Muloahy,  Asst  Director  for  Technical  Inforeation 

2  Rhees  Oalif«ie  Corporation,  1020  North  La  Brea,  Lae.  Angelos  38,  California,  Attn:  Mr. 

f.  R.  Deutsch,  Headj  Ressareh  oad  Develpjssnt 
1  ^oce  Tsehnolo^  laboratory.  Subeonittee  on  Noise,  327  South  Alvarado  Street,  Los 
Angles  57,  oalifomia 

1  SystSBS  Refear^  Center,  Lockheed  Electroaias  Coapany,  Bedaisster,  Nee  Jersey,  Attn: 

R,  E.  fe¥sr.  Bos  37  • 

1  Yerkes  Lsioratoriea  of  Prioa^  Biology,  Incorporated,  Orange  Psrk,  Florldo 

MEDiat  CCaXDSVSCHOO,  LIBRARIES  AND  DEPAftTKMTS-..--  . 

1  Albany  Medical  College  Library,  Nee  Scotland  Avemwv  Albany  8,  Nee  York 
1  Antioch  College,  Diginserlag  R«««rch  Project,  Yellow  Springs,  Ohio 

1  Booms  Cray  School  of  Medtlelne  Library,  finstoe-Solea,  North  Corelino 
1  Brosn  University,  DeportdMt  of  fMyehology,  Proeideaoe  12,  Waode  Island,  Atu:  Prof. 

L.  A.  Rlg^ 

1  SroM  Unieersity,  Dsportnest  of  Psydiology,  Proeidenoe  12,  Rhode  Island,  Attn:  Prof. 
Hueld  SefalesMrg,  Caesultant 

1  Cellege  of  Msdical  EvosgelisU,  White  MeMrial  Hsdicol  Library.  1720  Brodclys  Avenue, 

Lm  Angles  33.  Californio 

1  College  of  Msdial  Evangelists.  Verelsr  RadeJiffs  Menorlal  Library,  Loec  Liada,  Qjlifonaa 
1  co^e^  jf  P^icions  of  Philcdel^a,  Library.  19  South  22ad  Street,  Philadelphia,  3, 

1  Coloibia  University,  Deportsent  of  Riycbology,  Nsw  York  27,  Jfev  York,  Attn:  Dr.  C.  H. 
Grab*  -  ™ 

I  Colusbla  University  IMical  Library,  630  West  188th  Street,  Nee  York  32 ,  Nee  York 
1  Cornel i  University  Medical  College  Library,  1300  York  Avenue,  Nee  York  21.  N**  York 
1  Creighton  University,  (fcdical-FharwKy  Library,  1«1  Davenport,  OWahn  2,  l^Siraska 
1  Esory  University,  Departnent  of  Psychology,  Atlanta  22,  Osergla,  Attn;  Dr.  E,  A.  Alluisi 
1  Florida  State  University,  Departsent  of  Psychology,  Tbllahassee,  Florida,  Attn:  Dr 
W.  W.  Dawson 

1  FordboB  Univstsity,  Fordhon  Road,  Nse  York  58,  Nee  York,  Attn:  R.  T.  Zegers,  Sr. 

2  George  Washington  University,  Hutnn  Resources  Research  Office,  P.  0.  Bc«  3  5  96, 

Woshirgton  7,  D.  C.,  Attn:  Library 

1  Harvard  School  of  Public  Health,  1  Sho  t  tuck  Street ,  Boston  IS,  fcssachusettt ,  Attn:  Dr. 
Albert  Doson 

1  Harvard  Medical  Library,  25  Shattuck  Street,  Boston  15,  Massachusetts,  Attn:  Library 
1  Indiana  University,  Depertnent  of  Psychology,  Bloocir.gton,  Indiana,  Attn:  Prof,  R.  C. 
Davis 

1  Indiana  University  Medical  Center. -School  of  Medicine  Library,  1100  West  Michigjn  Street, 
Indianapolis  7,  Indiana 

1  Iidiana  University  Medical  Center,  1199  West  Michigan  Street,  Indianapol  is  7 ,  Indiana, 
Attn;  Dr.  Harris  B  Shuaacker  Jr.,  Prof,  of  Surgery 


KEDICAL  CSLLEGE/SCHOOL  LISIARIES  AND  DEPARTMENTS 


N^,  of 
C^ies 

1  Indioic  Uniteriity.  Aaatoay 'PiiyiiolQqy  Depcirtient,  BJooeington,  Indiana,  Attn:  Dr.  Sid 
Rob infos 

1  Jsfffrton  Medical  Coiie^  Library,  102S  Vaicut  Street,  Philadelphia  7,  PManayirsnia 

1  John  Hopkin*  Univoreity.  Welch  Medical  Library,  IMO  E.  MoouBent  Street,  Baltiaore  S, 
Maryland 

1  Kanaos  State  UniTersity,  FMycholoqy  Oivition,  ^cbattan,  Kanaai,  Attn;  Dr,  Williaf 
Be  van 

1  Hirquette  UsiTereity,  Mediaal-Oectol  Library,  SSC  North  '  Sth  Street,  Mileaukee,  ffiiconein 
1  Nedieol  College  of  Virginia,  Toepkine-MoOse  Library,  Richaond  19,  Virginia 

1  He*  York  UBiekreity,  Coliece  of  Eagioeerinq  Research  Dlvieioc,  2S2  7th  Ayesue,  Nee  York 
Noe  York, 

1  Nee  York  Acadeey  of  Medieioe  Library,  2  Eoit  103rd  Street,  Nee  York  29,  Nee  York 
1  Ns*  York  Uaireriity  Medioal  Center,  Medical  Library,  590  First  Aeemis,  ?fes  York  IB,  N.  Y. 

1  Northveetdin  University,  DspartswBt  of  Psypjroloqy,  Eeasktoa,  Illinois,  Attn:  Willias  A. 

Hunt  ' 

1  NorthsesterB  ttniversity  Medical  S^ool,  Arebibald  Church  Library,  303  E  Chioaqo  Avemts, 
Oiioo^  U,  Illinois 

1  Ctie  Stats  University  Research  Center,  Director,  Aeiation  Psychology  U^oratory,  1314* 
Renneor  Rood,  Celssboa  12.  Ohio 

1  Ohio  State  University  Research  Osster,  PsyobolLnquistica  Li^oratory,  1314  Xnnnear  Rood, 
Celoebue  l2,  Ohio 

1  Ohio  State  Uaiveraity.  Topos  Library,  School  of  Optosetry,  338  Vest  lOth  Avrais,  Coltafeus 
10,  C&ie  . 

1  CUo  State  Univereity.  Seiwel  of  Opteaetry.  Oolo^as  10,  Ctiie,  Attn:  Glmn  A.  Fry,  Dir. 

1  Rnah  Medical  College  Library,  17S8  feet  Harrison  Street.  Otiosgo  12,  Illinois,  Attn: 

Librarian 

1  Stanford  University,  lone  Medical  Library,  300  tateor  Read,  Polo  Alto,  California 
1  Sbortferd  Univoroity,  Dt^ortoMt  of  Phyolologf,  Stanford,  Chlifonia,  -^tnr-^H. 

1  State  Onlveralty  of  loee.  OellogaJ»f  Modieiae  Ubrory,  Msdiool  Lefcoratories  Building, 
leoa  City,  I« 

1  Sta^  Uttirerslfy  of  He*  Yerk,  Oosmstate  Mod  leal  Center,  Dsportneat  of  Anestbeelolegy, 

4$0  Clarhsea  AveoM.  Brooklyn  3,  Nee  York 

1  State  UaivereltT  of  Me*  York,  OoKitato  Modioal  Centor,  Medioal  Library,  480  Clarkaen 
^  Avooue,  ^raoklyii  3,  Me*  Tork 

1  Texas  Medical  Cantor  Ubtvry,  Jooeo  H  Joeoe  Library  Building,  ifeuston  U,  Texas 

2  Tbfts  Univorsity  Institute  for  Applied  Experlnestal  ftydtelogy  ,  Medford,  Jfaseoehnootu 

i  Thiane  Univorsity,  Seheel  of  Medldno,  1430  Ihlane  Avosuo,  Mm  CklooBS  IS,  Leuleiaaa, 

Attn;  G.  E.  &r^,  M,0..  Profoooor  of  Ndloine 
1  foot  Virginia  Univorsity,  Msdiool  Center  Library,  Mergoaton,  lest  Virginia 
1  University  of  Aiobaaa,  Msdiool  Grater  Library.1919  Sowth  Avense  South,  Blrninghoa  3, 
Alc6aaa 

1  University  of  Arkansas,  Medical  Center  Library,  4301  leet  Ifarkbos,  Little  Rock,  Arkateos 
1  Univerelty  of  Buffalo.  Oeportoeot  of  ^ycbology,  Baffulo  14,  Noe  York 
1  University  of  Buffalo,  Hsalth  Scltnoes  Library,  C^en  Hall  141,  Buffoio  14,  York, 

Attn:  Librarian 

1  University  of  Colifornla,  Modioal  Centor.  Blooedleal  Library,  Los  Angelos  24.  Caiifernia 

1  Univorsity  of  Chicago,  Laboratory  of  Physiological  Psychology,  Faulty  Dteboage  Box  184, 

C^eoge  37,  Illinois,  Attn;  D.  Mff 

1  University  of  Illinois  Airport,  Aviotioc  Psychology  Laboratory,  Savoy,  Illinois 
1  Univorsity  of  Illinois,  DeportnoBt  of  hychology,  Utbona,  Illinois,  Attn:  T,  E.  Koppouf 

1  University  of  IlliDols,  Dsporteent  of  ftychoiegy,  Training  Research  Laboratory,  45  Lincoln 

Hall,  Urbona,  Illinois,  Attn;  Professor  Lavrenev  M  Stoluroe,  Ph.D, 

1  University  of  Illinois,  Doeuxents  Division,  Urbano,  Illinois 

1  University  of  Illinois,  Speech  Hearing  Clinics,  601  E.  John  Street,  OMspeign,  Illinois, 

Attn:  John  J  O'Nsill 

1  University  of  Kansas,  Medical  Center,  Cleodsnlng  Medical  Library,  Kansas  City,  Kansas 

3  University  of  Louisvillo,  School  of  Medicine  Library,  101  W.  destnut.St,  Louisville,  Ky. 


MmiaL  CtXiEGE/SCHOOL  L.IBKARIES  AND  DEPARTMIDm 


No.  of 
CopiM 

1  UniTeriity  of  Riaai,  School  of  Wedicins,  Dopartsont  of  Ophthalaolo^y ,  Hienti  36,  Florida 

1  Univoroitj  of  Michlns,  iS06  Krasge  Modicai  Rsssareh  Building,  Ann  Arbor,  Michigan, 

Attn;  Dr.  Marl*  Lcnrrono* 

1  Univeraity  of  Michigan,  Serials  and  Docuatats  Section,  General  Library,  Ann  Arbor, 
Michigan 

1  Unirenity  of  Minneiota  Library,  Serials  Division,  Minneapolis  i4,  MinoMOta 

1  ,  Univeriity  of  Nsbroslra,  College  of  Medicine  .Library,  iBnd  god  Detey  Avenue,  C^ha, 
Nebraska,.  Attn;  Librarion 

1  University  of  North  Carolina,  Division  of  Haolth  AffoirS  Library,  North  Carolina 
Meeoriol  Hospital,  Qiopei  Kill ,  Ko-th  Carolina 

1  Univeriity  of  North  Carolina,  Dspartvmt  of  Medicine,  Qtopel  Hill,  North  Carolina, 

/,  Attn:  Dr.  Richard  L.  Oabsan 

1  Univeriity  of  North  Carolina,  School  of  Medicine,  Depcrteent  of  Physiologj’,  Chapel  Hill, 
i,;.  North  Cbrrolina 

1  University  of  Cklahen,  Medioal  Center  Library,  SOI  N>  E.  iSth  Street,  Cklahoea  City  4, 
Cklaheoa 

1  University  of  Gkegen,  Medioal  School  Library,  Portlaad.l,  Oregon,  Attn:  Librarian 
University  oL Pittsburgh,  Fhlk  Library  of  the  Health  Professions,  Pittsburgh  13,  Pa 
1  University  of  Pittsburgh,  Graduate  School  of  Piblio  Health,  Pittsburgh  13,  lb 

1  University  of  Homester,  Departaent  of  Psycholoi^,  Reehester  20,  Nee  York,  Attn;  Dr. 

8,  0,  8.  Sprogg 

University  of  Tecaessee.  College  of  Medieine,  Clinical  Riyslolegy  •  Institute  of 
Clinical  Invaetigatieoa,  62  south  Dunlop,  Weephts  3,  Tbitaetsee 

1  Uaivertlty  of  Titnaeeeee,  Medioal  Units.  Mesoey  Msswriol  Library,  62  South  Ihalap, 

Mssrhli  3,  Twmeisee  .. 

1  University  of  Utah,  Nsdloal  Library,  Salt  lake  City,  12.  Utah 
^  I  University  ef  VenMSt,  College  of  Ifadiolne  Library,  Eurliagton,  Venont 

1  University  of  Virginia,  Dkvisieo  of  BSuoatieisI  Reeeoroh,  Old  Oobell  Boil, 
CbnIetteaviUe;  Virgiala 

1  University  of  Virginia,  Medioal  Library,. University  Hoapitsi,  Chari ettesvi lie,  Virginia 
1  University  of  Virginia,  Poyebologiael  laboratory,  Psabedy  Hall,  Char letteovl lie,  Virginia 
1  University  of  fcihlngtcB.  Heal  til  Soienoee  Library,  Seattle  5,  Vdsbiagtee 

1  Univdrsity  el  fUcansin,  Psyeholegiooi  Abstroots.  600  H.  Psrk  St.,  Madison  8.  Viseesein 

1  University  of  fisoensin,  Msdieal  Seheel  Library,  S.N.I.  Building,  N  Charter  Street. 
WodisoB  S  ttsoonetn 

1  Ubiversity  of  Viscooein.  Physiology  Studies  Divisivs.  890  N.  Pork  Street,  Madism  6. 
Viaceesln.  Attn-.  J«ioe  Ooee,  Adainietrotivd  Assistait, 

FGREIW 

1  Anerlaan  Esbossy,  Qffise  of  the  United  States  Any  Attrobe,  Ftorelgu  Service  of  the 
United  Sbatee  of  AMrioa,  Leaden,  Sagl^,  Arey  Attoche,  (Medicol) 

I  Arey  Medieoi  Lioisen  Officer,  British  Arey  Staff,  British  Befaassy,  loilingtea  8, 

1  British  Navy  Staff  Office,  Benjanin  Franklin  StaUoa,  PPst  Office  Bo*  16S,  Vtehingtoa, 

D.  C.,  Attn;  Surgeon,  Captain  F.  P.  Ellis 

10  Oanadiaa  Liaison  Office,  US  Arey,  Office  of  The  Surgeon  General,  Reoe  1708A,  Main  Novy 
Bniiding,  fashingtee  2S,  D,  C. 

2  Defease  Research  Meeber,  Osnadign  Joint  Staff,  1450  Massachusetts  Avenue,  N.  W., 

fcshiagton  B,  D,  C. 

1  J.  J.  IhoBson  Phyeicol  Laboratory,  Heeding  University,  Whlteknight  Park,  Reading,  Digland 
Attn;  Professor  R.  f.  Ditchbum  v  v 

1  Kn^ol^ka  Institute,  Departnent  of  Histology.  Stockbols  80.  Svedsn,  Attn:  Dr.  Jan 

1  Royal  Society  of  Kedlcioe,  Library.  1  Wlepoie  Street,  Louden  W.l,  Ebigiand 

1  Universita  Di  Plea,  Instituto  De  Fisiolagia,  Plea,  Itoly,  Attn;  Professor  GiuasDpa 
Moruni 


FOTEIGN 


Ko.  of 
Cepiei 

1  lutitute  of  Oocupotlonol  Health,  Haartoaninkatu  1,  HelsiDki,  Finland,  At  ta :  Dr  ftortti 

J.  Itorvonen,  Director  of  the  ftyeiologioal  Depotteent 

2  Univereity  of  Weatem  Ontario,  Medical  School,  Departneat  of  Biophyaici,  South  Street, 

London,  Ontario,  Canada,  Attn;  Dr,  Allen  C,  Burton 

1  Univereity  of  Veitem  Ontario,  Departsent  of  Fhysiolo^,  Lortdon,  Ontario,  Canada,  Attn: 
ProfeuoT  J.  A.  F.  Stevenson 
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